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CHAPTER I 
THE SELECTION OF THE PROBLEM 
Purpose.-- It was the purpose of this study to determine 
the trends in research conclusions concerning the relation 
of diet and nutrition to the problem of dental caries for 
presentation to health educators. 
Scope.-- This study provides evidence of some of the 
statistics which emphasize caries as the big dental problem 
in America today. The words diet, nutrition, and dental 
caries have been ... defined, to establish the relationship of 
each to the other. The subject of tooth development has beet 
covered to show findings that: 
l. Either the nutrition and/or the diet of the mother 
may have an effect on tooth development in the intra-
uterine life of the fetus. 
2. This effect may lead to or aid in later deleterious 
action on the teeth. 
3. Either diet and/or nutrition may have effect on teet! 
during teeth formation. 
·/'' 4. Diet and not nutrition may have appreciable effect 
upon the structure of the tooth enamel once the 
permanent teeth are calcified. 
-1-
In keeping with the above, the paper considers nutrition as 
the utilization o~ ~cod by the body, and ~ as the ~ood we 
.......... 
eat. Foods are considered as proteins, carbohydra~-~~-L~~ts, 
vitamins,_~d minerals. Foods w·hich have been ~ound conclu-
----------..... 
. , 
sively to be related to the problem are discussed. In this 
analysis attentionjs given to the relation to caries o~ 
~luorides in waters and ~oods. The factor of malnutrition is 
reviewed also to~provide more inclusive and conclusive eviden e 
o~ the relation o~ diet and nutrition to caries. 
The research studies and other materials reviewed cover 
both sexes of all ages, including intra-uterine life. The 
information is useful to all. It might be help~ul especi 
to teachers and health educators who have any cause to educat 
concerning-tooth hygiene and/or the problem o~ dental caries. 
Justi~ication.-- In the readings of the writer his 
attention has been attracted to the number of contradictions 
in the literature which have proclaimed the merits o~ various 
treatments and products marketed for the prevention of dental 
caries. These contradictions have indicated a need ~or a 
review and digest of the literature to determine the trends 
in·research conclusions. It was felt·that such conclusions 
would help to provide a more valid reference ~or health 
educators, and others, 1vho attempt to motivate good concepts 
and practices concerning ~actors Which are related to dental 
caries. 
3 
A very high percentage of the American. population suffer 
from dental caries. This destruction of the teeth can 
interfere vd th proper mastication and subsequent digestion 
of food. Moreover, dental caries may be the cause of 
infections 1·ihich seriously affect various parts of the body. 
There is much contradiction in the literature concerning 
dental caries. A careful review of such literature provides 
a general trend of research conclusions concerning the 
relation of diet and nutrition to dental caries. An analysis 
of this type may help to correct concepts and to provide a 
valid reference· for educational use. 
In reviewing. the various material available this study 
provides the coverage necessary to establish an unders~anding 
of the. problem as well as to furnish the teacher and the 
health educator with information which should be helpful in 
any educational discussion which concerns good hygiene for 
. . -----...... ...,_...,.-------...-
t~yh.,- .g ene:r aJ,J,y_ .for." .a.~J:_J>_?_Qp).e__~_§_~p~..cial.J.y_ f <?~ .. -pregnant 
wo~Qt. pre-s cho~~ :.~!1.~---~chg_Q_:t._,?_~~-~Q,:r;>.en. 
! "-.... ....___ ··- ...... ----··· .. -···· -
According to most au~:t..___and--nut.~i-t3.~n-a:t.a--'-
considered to be primary factors contributing to sound tee~]l. 
~------~--- .. _,.~ ...... ~---------- __.. . ----
Therefore attention is given to determine what relation, if 
any, diet and nutrition have in the problem of dental caries. 
Review of ~ Research.-- Most discussion by reviewers 
of research in this problem area is directed primarily toward 
the relation of diet to dental caries. It is most commonly 
4 
thought today that dental caries is initiated by the local 
environmental substances which are found in the mouth. 
Because of thisltheory, efforts in research today are bent 
towards altering the local environment so that it is 
unfavorable to caries. The writer arrived at his conclusion~ 
by reviewing the literature, weighing the evidence, and 
establishing his conclusions along the lines of research. 
Definitions.-- The following medical and dental terms 
are defined in order for the reader to understand this study 
more completely: 
acidity--quality of being acid; excess of acid 
alveolar pyorrhea--a purulent discharge from the alveol: 
of the teeth 
bacterium (plural, bacteria)--any of a very large group 
of unicellular, vegetable microorganisms existing 
morphologically as cocci (oval or spherical cells), 
bacilli (rods), spirilla (spirals), and vibrios (comm 
shaped), etc. 
calcification of teeth--deposition of lime salts within 
the organic matrix during the development of a tooth 
caries--decay of the teeth in \dtlch cavities are formed 
in them by the gradual destruction of enamel and 
dentine 
caries of the teeth--a localized, progressive, molecul~ 
disintegration of the teeth, beginning with the 
solution of the enamel by lactic and pyruvic acids. 
The acids are the product of enzymic *ction of oral 
bacteria upon carbohydrates [C6H1206 ~ bacterial 
enzymes = 2C6Hho3 (lactic acid)J. The initial · process is followed by bacterial invasion of the 
dentinal tubuli. The acids formed break down and 
remove the inorganic constituents of the enamel and 
dentine, and the unsupported organic matrix is 
gradually removed, leaving the so-called cavity of 
decay 
\ 
coenzymes--substances associated with and activating 
enzymes 
cuspid--a long, single-~ooted tooth, the crown consistit~ 
of one cusp or point 
Dl1F--Decayed, Missin·g, Filled (teeth)· 
deciduous tooth--one of the twenty temporary or milk .· 
teeth; those replaced by succedaneous permanent teeth 
dentine--the calcified tissue which forms a major part 
of a tooth. Dentine is related to bone but differs 
from it in the absence of included cells. It is 
covered by the enamel over the cro'\m of the tooth, by 
the cementum over the roots, and itself surrounds the 
pulp chamber and root canals Which contain the dental 
pulp. 
disaccharide--a carbohydrate formed by the condensation 
of t'\ro monosaccharide molecules 
enamel--the vitreous substance of the crowns of the 
teeth 
enzyme--a catalytic substance formed by living cells ana 
having a specific action in promoting a chemical change 
epithelium--a tissue composed of contiguous cells with 
a minimum of intercellular substance. It forms the 
epidermis, etc. 
fluorosis--poisoning by absorption of toxic amounts of 
fluorine . 
chronic dental fluorosis--hypoplasia and discoloration 
of the teeth resulting from the continued use during 
the formative period of the tooth, of water containing 
toxic amounts of fluorine 
gingiva--that part of the gum which surrounds the tooth 
and lies incisal or occlusal to the crest of the 
alveolar ridge 
gingival--as above; also called marginal 
glucose--the crystalline monosaccharide, dextrose; a 
product obtained by the incomplete hydrolysis of 
starch 
hypoplasia--underdeveloped or defective enamel 
/ 
irradiate--treat 1dth x-rays or radium rays 
lactic--pertaining to milk or its derivatives 
6 
lactic acid--a bacterial by-product in dental caries 
lactobacillus acidolphus~-a species of large bacilli 
producing acid but no gas from glucose, lactose, 
maltose, and sucrose 
lesion--an alteration of structure or of functional 
capacity due to injury or disease 
mandible--the lower jaw bone 
mandibular--pertaining to or affecting the mandible 
maxillae--the bones of the upper jaw taken as a unit 
maxillary--pertaining to or affecting the maxilla 
(plural, ae) 
microbe--any single microorganism whether animal or 
vegetable . • 
microbial--pertaining to, resembling, or of the nature 
of a microbe 
molar--a grinding tooth with multicuspid crown (In. man 
there are twelve molars: three right and left in both 
the maxillary and mandibular arches, the molar distal 
to the second bicuspid being called first molar; the 
next, second molar; and the last, third molar. The 
popular names for these teeth in the same order: 
sixth year molar, tvrelfth year molar , and wisdom tooth ) 
morphology--the branch of biology Which deals vdth 
structure and form 
mottled enamel--a dappled condition of the teeth ca-q,s.ed 
by hypoplasia, with a later extraneous staining; 
chronic dental fluorosis 
mucin--a mixture of glycoproteins that forms t~e basis 
of mucus. It is soluble in water and precipitated by 
alcohol or acids. 
pellagra--a deficiency disease occurring endemically in 
Italy, southern France, Spain, and in the southern 
United States. Also seen sporadically in other areas. 
'7 
permanent tooth--one of the thirty-t'\'TO teeth of the 
second dentition: eight incisors, four canines, eight 
premolars, and twelve molars 
. 
pH--symbol used in expressing hydrogen-ion concentratior. 
A pH above seven represents alkalinity in an aqueous 
medium; b elovr seven, acidity. 
phosphoric acid--a 50 per cent solution of absolute acic 
in water, obtained from bones or the oxidation of 
phosphorus 
pyorrhea--a flow of pus 
~ 
.· rickets--a deficiency disease of children, marked by 
disordered ossification (conversion of tissu~ into 
bone), disordered nervous system, and delayed 
dentition 
saccharose--a disaccharide composed of one molecule of 
glucose and one molecule of fructose 
~curvy--a nutritional disorder caused by deficiency of 
. vitamin c, characterized by extreme weakness, spongy 
· gums, and a tendency to develop hemorrhages under the 
skin, etc. 
succedaneous tooth--one of the permanent teeth which 
takes the place of a deciduous tooth 
v 
sucrose--a cane sugar, saccharose 
symbiosis--the intimate and harmonious association of 
two dissimilar and unrelated organisms to their mutual 
advantage 
symbiotic--pertaining to symbiosis 
temporary teeth--teeth of the first dentition;. milk 
teeth; deciduous teeth 
tooth--one of the calcified organs supported by the 
alveolar processes and gums of both jaws, serving to 
masticatt:? food, aid speech, and. influence facial 
contour. Each tooth consists of: (1) a main mass of 
dentine surrounding a pulp cavity 1dlich contains the 
dental pulp with its nerves and vessels; (2) a coronal 
portion (crown) covered by enamel; (3) a radicular 
portion (root) which may be single, bifid (divided 
into t-vro parts), or trifid (divid'ed into three parts), 
covered by bone called cementum; (~) a cervical portiop 
(neck), the junction of crown and root. 
ulcer--an open sore in the soft tissue of the body Which 
discharges pus or serum 
ulcerative--pertaining to ulcer 
Recapitulation an~ implications.-- The writer in this 
study has presented the trends in research conclusions 
concerning the relation of diet and nutrition to the problem 
of dental caries. It is believed that this information will 
be helpful to health educators and others in explaining 
preventive measures, especially for mothers, mothers-to-be, 
and child.r en. 
• 
CHAPTER II 
PROCEDURES 
The attention of the writer was attracted to the number 
of contradictions in the literature proclaiming the merits of 
various treatments and products marketed for the prevention 
of dental caries. These contradictions indicated a need for 
a review and digest of the literature to determine the trends 
in research conclusions and to establish concepts which would 
/ 
provide a reference for the writer as well as for others '4ho 
were attempting to motivate good concepts and practices. 
From .the beginning the writer found that the source 
material for his thesis could be obtained only at dental and 
medical libraries. With a rough outline in mind, the writer 
first went to the Boston Medical Library and surveyed the 
resources available there. Some material was helpful but the 
writer was not satisfied with this material. Accordingly, he 
made arrangements with· the head librarian at one of the 
leading dental schools to use the combined facilities of that 
school's dental and medical library. 
Two bibliography sources were basic aids. From them a 
tentative bibliography of over 200 items was prepared. These 
items were scanned to obtain an overview of the problem and 
9 
some concepts concerning caries factors. Early in the 
! 
research readings there was an indication to the writer that· 
diet and nutrition -v1ere considered ~o be priirJ.§.!.rX __ factors 
---- --~--··-~-~·-·------ --... ·--- ·---~ 
co~_!Q.uti"Q~th~yelopment _Q~---~-Qp,p9. .. :teeth. Also, that 
one of the basic factors of caries was considered to be diet. 
~--------_-...---------~ ~--~ .. •o•o·,,-~.,.----·· ... M ~-·• ·-~-·. ••··---.-...,.,, _.,......._.... 
The writer discussed this viewpoint with several dentist 
and found that although there was no unanimity of opinion, 
diet was the only element it was thought generally to be one 
of the basic factors. With this in mind, a defined outline 
was shaped. Further scanning of the research material was 
accomplished. ·Although many variables were found to be 
inclusive elements diet, especially the raw and refined 
sugars, was found to be an imposing factor. 
Continued surveying and searching of the literature 
further emphasized the trend in researc~ thinking. 
i • 
Accordingly, the assumptions and conclusions of the writer 
'.vere based upon this trend.· 
•. 
CHAPTER III 
THE NATURE OF THE PROBLEM 
Incidence of caries:-- During the year ending June 30, 
1945, there were 2,970,280 children born in the United 
States. Half vdll require dental services between their y 
second and third birthdays. Klein and Palmer point out 
that n •••• by age 15 years more than 95 per cent of the bqys 
and girls have had one or more permanent teeth attacked by 
caries. Practically the whole population becomes 'baptized, 
so to speak, with caries experience by the time the early 
2/ 
adolescent years are reached.tt- At the Guggenheim Dental 
Clinic in New York almost 50.per cent of the two-year-olds 
:if 
examined had one or more decayed teeth. Three out of ten 
toddling patients had seven or more cavities. Nearly 25 per 
cent required at least one extraction. It is evident that 
tooth decay attacks its victims young as well as old. Only 
I! Albert G. Pietsch·~ ''T,venty Teeth at Thirty Months, tt Hygeia 
(April, 1947), 25:2o8 ff. 
g/Henry Klein and Carroll E. _Palmer, ttan the Epidemiology of 
Dental Caries, 11 Dental Cartes, University of Pennsylvania 
Bicentennial Conference,-University of Pennsylvania Press, 
Philadelphia, 1941, pp. 1-~5 • 
.3/Estelle Bond, "Give Your Children's Teeth a Chance,n 
Hygeia (October, 1949), 27:682, 683, 708. 
ti. 
- -·----~---~-------------------- - ------ ---
. •, . . . . ' .~ 
· ~-~....,.-·_ -,.w -ea·&-re+??ttrih·aw-
:12 
2 per cent of the population escapes the ravages of some 
oral breakdo'tm. 
caries: 92 per 
American Dental 
A very high perc~tage are victims of y 
cent, according to F. J. Ford and the 
S:l 31 
Association. Bond states that in 
special investigations 60 per cent of a group of five-year-
olds were found to have seven or more cavities and that by 
_age five, 90 per cent had some dental decay. 
Reflection of caries experience:-- As the child grows 
older, his probabilities of acquiring caries become greater; 
the caries experience during childhood· 'tdll be reflected in 
1 
- _I 
the caries experience and dental defects of the young adult. 
During Wo~ld War II, dental defects caused rejection of 20.9 
per cent of the male draftees in the United States. From 
this evidence it can be safely assumed that caries is the 
big dental problem in America today •. The problem becomes 
increasingly more important when we realize that destruction 
of the teeth can interfere vri th proper mastication and the 
subsequent digestion of foods. The spread of infections or 
1/F. J. Ford, "The. Care of Children's Teeth," Medical Press 
(July 16, 191+7), (no. 5'645):61 ff. 
g;usurvey Shovrs Adul$s Lax in Visits to Dentists, u NevTS of 
Dentistry Section, Journal Qf ~ American Dental Associatiot 
(August, 1950), 41:228-229 • 
.3/Loc • .£.!.h. 
4/M. E. Breckenridge and E. L. Vincent, Child Development~ 
Second edition, W. B. Saunders Company, Philadelphia, 194~, 
p. 276. 
toxins to distant parts of the body may result in secondary 
infections involving ·the heart, kidneys, or nervous system. 
Frequently it may give rise to the rheumatic pains of 
1/ 
children and it may be a cause of anemia.- Dr. Anna Mintz, 
president of the Massachusetts Division of the American 
2 
Society ofJ.Dentistry for Children, has been quoted by Bond 
as saying that if decay is neglected it becomes progressive 
and may infect the whole body. 12_ecay interfer.:.~_a.-w1tl1 
mastication, and the child becomes malnourished. The cro~ms 
•··-• •-·-·--u-------,.,__.--------~---····--- •>'·'""-'-""-"""""''.,..,...-..,,•~.,...,.__ '"•"•••.-,,-·••O.••••.o>J>~~,.,.,.,. ... ,,...,..,.-.. ,,...,. ... , -··~"-'"•·-'-"-< ,--J .. ~ 
may be broken down and become smaller than nature intended. 
Spaces are created in the jawbone, and the teeth then shift 
unnaturally. Since the ja~r is still gro"t-ring, even the child s 
facial cont~ur may be changed. 
Diet, nutrition, and dental caries defined•-- The 
relationship of diet and nutrition to dental caries is the 
subject of extensive and controversial literature. Because 
dental _garies is most commonly tho~ht to_hEL.iDitiated_.by_ t 
..,.______ ~--------------------------- ---~--
local environmental substances found .:!:~ ____ i;_h~--:m_q:g_t_Q,~._Q.!§..~~~?io 
-- --·- - . - . -~-- .. -- ...... 
"-
at _ _pre.sent seems ... to_J?.e directect . .PJ:im.C1:t:ilY~-t.owards _the 
relation of diet to the . .....2J'..Qb.l.em.. 'For the purpose of this 
'-•·w-~- ~ --~-· ~ -··----~-4,.--~··------~ ......... ,.,--
paper, discussion considers diet to mean the food that we 
eat; nutrition is defined as the utilization of food by the 
1/W. D. Zoethout and W. w. ~uttle, Textbook of Ph~siology, 
Tenth edition, C. V. Mosby Company, St. Louis, 19 9, p. 339. 
~/Loc. cit. 
-~- ----~---~ 
.J 
, 
1.4 
body. At the Univer~ity of Michigan Workshop, conducted to 
evaluate dental caries 1 control techniques, the following 
definition of dental caries was accepted: 
"Dental caries is a disease of the calcified 
tissues qf the teeth. It is caused by acids resulting 
from the action of micro-organisms on carbohydrates, is 
characterized by a decalcification of the. inorganic 
portion and is accompanied or follow·ed by a . 
di.sintegration o.f the organic substance of the teeth. 
The lesions of the disease occur predominantly in 
particular regions of the teeth, and their type is 
determined by the morphologic nature of the tissue in 
which they appear. tlJ/ 
2-4/ 
It is most widely believed --- that the dental decay 
process is a balance of forces. The initiating force is 
thought to be the action of bacteria, normally present in 
.the mouth, on sugars and starches,. resulting in the 
production of acids. Instead of the formation of acids 
directly on the tooth enamel, there is an intermediary 
called a bacterial plaque. This p'laque is a sticky film 
consisting of saliva, food particles, debris, and bacteria. 
l/"The Michigan Workshop on the Evaluation of Dental Caries 
Control Technics, n J"ournal of the American Dental Associatio! 
(January, 1948), 36:4. . 
2/S. M. Gordon, editor, Dental Science and Dental Art, Lea & 
Febiger, Philadelphia, 1938, pp. 269-283 • 
..3/L. s. Fosdick, t1Factors in Natural Immunity to Caries,n 
Journal Qt ~American Dental Association (October, 1948), 
37:419 ff. 
4/Basil G. Bibby, "The Bacteriology of Dental Caries, u 
Dental Caries, University of Pennsylvania Bicentennial 
Conference, University of Pennsylvania Press, Philadelphia, 
1941, pp. 27-41. 
There may be one or a number of local factors which aid the 
initiation of decay by promoting food retention and 
subsequent conversion to acid. 
In this activity the insoluble calcium salts of the 
hard structures of the teeth are transformed into soluble 
salts by chemical action. The soluble salts are '"ashed away, 
and a cavity is formed. .. Dental caries· doe.s not attack the 
surfaces of the teeth indiscriminately. Most cavities develop 
in sheltered areas or on surfaces of the enamel which harbor 
mucinous plaques and thus favor the lodgment of food 
residues. It is in.these areas that the formation of acids 
resulting from bacterial activity attacks the tooth surface. 
1/ 
Dr. P. Pincus reports that.the initial carious attack on 
collagen in dentine is due to a gram-negative bacillus 
constantly present in caries. This attack releases sulfuric 
acid, which attacks the dentine. Any crack in the enamel 
armor is an avenue for the bacteria to the dentine. . In this 
respect, cavity formation and the resistance of teeth to 
destruction may depend in part on the ability of the saliva 
to neutralize or b.uffer the acid production and retention. 
Additional findings have been made by Drs. Reidar F. 
Sognnaes and George B. Wislocki. At the meeting of the 
1/P. Pincus "Caries u British Dental Journal (December 5, 
1947), 83:239. ' 
JL6 
American Association for the Advancement of Science they 
reported that the disappearance of a newly discovered jelly-
like chemical in teeth may be the first step toward tooth 
1/ 
decay.- Found to be a constituent of both the dentine and 
enamel of normal teeth, the jelly-like chemical is a sugar-
contained protein and belongs to the general class of mucin. 
Under the influence of certain bacteria and enzymes, it can 
change !rom its jelly-like state to a liquid. Apparently 
the beginning step of decay takes place in the destruction 
of this chemical and its disappearance from the little tubes 
in the dentine. This precedes the invasion of bacteria whicl 
have been believed generally to be the primary step in tooth 
decay. 
1. Tooth Development 
Importance.-- It has long been an accepted fact that an 
optimal diet with good nutrition is of great importance 
. . 2/ 
during pre~nancy, both for the mother and the fetus.-
J1/ 
Ford in the Medical Press has stated that tooth 
.development begins early in intra-uterine life and that 
1JReidar1F. Sognnaes and George B. Wlslocki, "Hi~tochemical. 
Observations on Enamel and Dentine Undergoing Carious 
Destruction, n Oral Surgery, Oral Medicine, and Oral Patholo~ -
(October, 1950~:1283-1296. 
g./Elmer V. McCollum, ttThe Diet in Relation to Dental Caries,• 
Dental Caries, Univ.ersity of Pennsylvania Bicentennial 
Conference, Universi~y of Pennsylvania Press, Philadelphia, 
1941, p. 52. 
J/Qh cit~, pp. 61-65. 
j_'';' 
there is a possibility for abnormalities to develop in 
1/ y 
pregnancy. Sprawson and King signified that ideal 
development and growth of the jaws and teeth will be 
coincident with ideal development of the body as a whole. 
This in turn 1r1ill depend on maternal diet. Severe 
deficiencies of' building materials in the mother before 
birth can interfere wdth the formation of' dental tissues so 
that even if' dietary perfection is attained later, the 
dental formative cells may not then be able to perform in 
3/ 
perfection. 
The requirements leading to a healthy mouth actually 
begin before birth, and the expectant mother should adhere 
to a definite plan for the developme~t of sound· teeth. She 
can apply hygienic measures and be assured that her diet 
contains milk, butter, cheese, eggs, and green vegetables--
the rich sources of calcium and calcifying vitamins 
4/ 
essential for the formation of' teeth and bones.- However, 
it has been shown that it is quite unnecessary to feed large 
'C 
1/Evelyn·c. Sprawson, ttFoods and Feeding as They Affect 
Teeth and Their Environment, n British Dental .Journal 
(December 5, 1947), 83:227. 
gj.T. D. King, "Nutritional Factors in Dental Caries and 
Parodontal Disease, n British Medical Bulletin (1944), 2:222-
225 • 
.3,/Elmer v. McCollum, .Q.lh. cit., ·p. 46. 
~D. E. Ziskin and H. Hotelling, HEf'f'ects of' Pregnancy, Mout 
Acidity, and Age on Dental Caries," .Journal of Dental Resear h 
(December, 1937), 16:507. 
amounts of calcium and phosphorus to moth~'f.lg 
~-------~~~----
pregnancy in order ~ing~Qout deposition of calcium in 
'- - - 1/- ~--·~:--~~-~--···-········'-'<>-.,~~~~----~--
.t.~teet:Q..<.QX.~-·the .f..~t'l!~-'~# Sherman and Lanford, using M. 
Mellanby' s investigations, indicate that "the body resources 
of the mother may serve to a limited extent as a factor of 
safety, so that the poor diet of the mother before birth is 
somewhat less disastrous in its eff·ects on her child's teeth 
than is correspondingly poor diet of the infant after birth. 
~ . Jl 
According to t~ ___ Medical Pres.s, it is generally 
------------ . ' 
regarded that the ingestion of a pint of milk daily with a 
mixed diet will supply insufficient calcium to maintain a 
---- '"'_,....,._,_.,.....,_--.~---·=~-.. ~- ..... ,.,_...,_ __ ... 
,...---.- __._,.,. ____ ,.._, ....... ,.e._.-...-....... -~~--~---....,.~,...,._... ... ~ --
positive balance. This is_i~~t-~~JQiLt~Ri~at~y the 
---------· ...................... -w~~~.--~·"'· r .......__.-· ~/ 
findings of tb,©. Michigan .Workshop tP.at_ .. ther-e -is---no· 
""'---- ~---- ............. _ ..... '"- ----- ··---------·---~----- .... -~--·---··-- -··· 
evidence to indicate that well-nourished pregnant young 
c:-..-.... ~"""""""--· ... ______ ..,..,~,_..,.,....,..._ . Cl ~~ -
wo~en 3eed -~e_..::::.~~ than __ is -~P..E.J:!ed. ~-a--di.a.:Ladequate 
to meet total :nutritional requiremetlts. ..Moreover, there is 
....::..:... _____ ., ____ ; ______ .,--~ =----~ . 
a plentiful SUEP..l~.f .. _c.alcl:um ... 1=1r.td-Pho.sphQrJ~:s substances in 
"-------- ··---- ·-----=----" ·------------····· 
the bony skeleton. In addition to this ob~ervation, it is 
.,___ ...... _____ ..-...,. ___ ......... ' 
conceived that calcification of the teeth must be·regarded 
1/A. G. Hess, J. M. Lewis, and B. Roman, uA Radiographic 
Study of Calcification of the Teeth from Birth to Adolescenc ,u 
Dental Cosmos (November, 1932), 74:1060. 
6/H. c. Sherman and c. S. Lanford, Essentials of Nutrition, 
Second edition, The Macmillan Company, New York, 1948, p. 29 • / . 
J./F. J'. Ford, QJh.. cit.,.p. 63 • 
. ~~cit .. , p. 20. 
l/ 
as important only after birth,- since 85 per cent of the 
total calcification of t-eeth takes place after birth. 
y 
Sequence.-- At birth the infant has twenty primary 
teeth deep in his jawbones, and the first permanent teeth 
are in the formative stage. Except for unusual circumstance , 
every child has all his deciduous teeth by the time he is 
' ..1 
two and one-half years old. Drs. Rhoads, Rapoport, et al., 
give the mean age as between 27.2 and 28.9 months. Eruption 
of the permanent teethto replace the deciduous, temporary 
' 4/ 
ones, begins ~bout the fifth year.- Calcification of the 
permanent teeth begins at birth, and the enamel is formed 
5-81 
before the tooth erupts. 
once the enamel is completely formed, it has no blood 
1/H. E. Breckenridge and E. L. Vincent, 2.12.!_ cit., p. 273. 
g/Evelyn c. Sprawson, loc. cit • 
.3/T. F. Rhoads, }f. Rapoport, et al., ttStudies on the Grovrth 
and Development of Male Children Receiving Evaporated Milk, u 
Journal of Pediatrics (May, 1945), 26:447. , 
' . YW. D. Zoethout and W. W. Tuttle, 2.12.!.. cit. , p. 338 • 
.2/M. Massler and I. Schour, ttGrmvth of the Child and 
Calcification Pattern of. Teeth,u American Journal of 
Orthodontics (September, 1946), 32:495. · 
6/M. E. Breckenridge and E. L. Vincent, loc. cit. 
VE. C. McBeath, "New Concept of the Development and 
Calcification of Teeth,u Journal of the .American Dental 
Association (April, 1936), 23:675. · · 
8/vl. H. G. Logan and R. KrC:lmfeld, "Development of the Human 
Jaws and Surrounding Structures from Birth t~ the Age of 
Fifteen Years, n Journal of the American Dental Association 
~March, 1933), 29:420. -----
-~ 
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supply and therefore cannot receive an appreciable amount of 
1/ 
nourishment from the rest of the body.- Moreover, the 
completed enamel is no longer subject to .systemic nutri tiona 
2/ 
disturbances.- Similarly, the crovms of all permanent teet , 
with the exception of the third molars, are calcified at the 
average age of eight, and the crowns of the first permanent 
3./ 
molars are calcified at the age of three. ~~_]'g'i_tcer 
found no conclusive evidence that nutrition can improve 
4---------_-_.,__ __________ , _________________ ~-----~-------------~·--"'--.._.__.= .. ----••"' ·---- -- 4/ 
~namal, once the cells which laid it down are lost.-
Nutrition can have an appreciable effect upon the structure 
-- --------~----~----~---~--~---···--'"·-·---~-~--·-5}···-"""-·-- .. ,, .. -~ .. --- ---
of the enamel only during tooth formation. Since the 
~ ..... .., ........... -..... • ...__ .. .._, .• ~-· ·· .• ·~-~ ... -· .-~.~~-:"''-·-··;o-~.0~"·"•· '\ __ ..,,1".~-----....~ ... -. -..,,,._.~ 
teeth undergo_ calcification throughout childhood, it is 
advisable to provide the child with calcifying factors 
throughout this span, rather than to limit efforts to the 
6! 
period of infancy.-
2. Nutrition 
Role of vitamins and minerals.-- What about the role of 
1/w. D. Zoethout and W. w. Tuttle,~ cit., p. 339. 
g/I. Schour and M. l.(assler, nThe Effects of Dietary · 
Deficiencies upon the oral Structures, n Journal of the 
American Dental Association (July, 1945), 32:871-rf:--
.3/M.:.' Massler and I.- Schour, loc. cit. 
~Elmer V. }fcCollum, 2E..!. cit., p. 48 • 
.2/Philip Jay, 11 Nutrition and Dental Caries,n Journal of the 
New Jersey Dental Societr (January, 1944), 15:20 ff. 
6/F. J. Ford, ~ cit., pp.· 61 ff. 
vitamins and minerals during tooth development? Dr.' 
. 1/ 
Hamilton Robinson,- at the Ame:t:i can D.en:tal--·Association 
·--------.. ~ ~ . 
meeting in Chicago, stated that n~tain minerals~ .. ~.~-
.,...--·.,.~-=--=-'-"~···'····"''· .... ""·~- ......... · 
~mpori~!lJ1 ... J)::.>-l'!n.J:;P:E;J,_[_.g_r~~t~2n of",~qn<:l.Jl.eeth, but there is no 
clear-cut scientific evidence that those minerals are 
necessary to prevent disease in mature teeth." He stated 
further that 11vi tamins as a w·eapon against dental disease is 
a case of' firing blind. It is of value in deficiency 
d~.s.e&.§ ~~~ug~~" -~.S,_ .~-~-~YY. apcl., .:rJc:J:wts ·~ u 
Findings of' the Michigan Workshop.-- The following 
' y 
conclusions were agreed upon at yhe Michigan Workshopt 
(1) Chronic mild deficiencies of vitamin A have no 
significant effect on the structure of the hard tissues or 
the shape of' the teeth. Ho't;Lever, ch~Qll:i.:£...~-~-!.~-~e 
def"~ciencies of vitamin A produced characteristic 
~ .... <' ••"d"O•~ ""- •••o..,.,.,...,__......,. ____ ~..._,....--,--......__,___.--~-~---,r~-..·i·, ".,....__,._.,_--.,.......-·•w_,...._.., ... ~~-,,..-.,.--•=,.~~~ .. ...,.'O,"=>e-...,.-""'""' ••. 
abnormalities in the structure and form of~.th~L-~.:Q..qmeL .. .and 
-~~-·-~·······"•·· ... ,. .. ..... ·.· .. ,.,., ..... '·"•···-···--.~·~·---~~~,.~.-~-------·~·'J}" 
d~tine of develop~eet:=_of animal~. . Furthermore, a 
vitamin A deficiency does not cause an increase in the carie 
attack rate. (2) There is no evidence in the literature tha 
a deficiency of vitamins B and C has an effect upon the 
l/Hamil ton B. G. Robinson, 11 The Metabolism of Minerals and 
Vitamins and the Effect of Systemic Conditions on Dental 
Caries,tt .Journal of the American Dental Association (.July, 
l949), 39:58. . 
2/.Q:Q..:.. cit. , p. 17 f"f. 
J/Elmer v. McCollum, Q,P.!_ cit., pp. 46-47. 
=>-~~--
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1-2/ 
caries attack rate.--- The vitamin B complex is concerned 
primarily with the soft tiss'Qes. (3) It has been 
de~g,.ta~v:;t~~m.in~J? i~-2!-Y:~!J:~ .. ,. ~H~J::he .!~:l'lll.a~~~n of 
the hard dental structur~_§,, ~.-~nqJJ;tding tne . t.eeth themselves, 
~=··--~-~=---~- --~ -''~~. :..,.,,,"-..~..;:__,T:C_,::-~.L"';!C"Ir.t:'_.,...::.".>::.1"1"';"''="'~...-.' ,__,..,.-;:-:- ,- • . • 
and there is evidence.to suggest the possibility of 
• 
increased susceptibilipy to caries in teeth which have been 
3-4/ 
.formed durin~ a condition of vitamin D deficiency. 
However, evidence that this vitamin aids in the prevention 
or retardation of dental caries at any stage of its progress 
is not supported by observations which have passed beyond 
2./ 
the controversial stage. ·· Furthermore, there is no 
conclusive evidence to indicate that there is any signi.fican 
difference in the caries attack rates of patients who receiv 
vitamin D .from sunshine, cod liver oil, or irradiated 
ergosterol. {4) In regard to the intake of minerals, there 
is sufficient evidence in the literature to justify the view 
1/~ also A. L. Knieser, A. w. Mann, and T. D. Spies, 
nRelationship of Dental Caries to Deficiencies of the Vi tami 
B Group," Journal of' Dental Research (June, 1942), 21:259-
262. 
2/I. Schour and M. Massier, nDental Caries Experience-in 
iostwar Italy (1945). 1. Prevalence in Various Age Groups, t! 
Journal of the American Dental Association (July, 1947), 35: 
5 . 
.3/Elnl.er v. McCollum, .QJh.. cit., pp. 47-48. 
4/T~' F. Rhoads, M. Rapoport, ll al., QQ.:_ cit., p. 451 • 
.2/See ~ C. D. M. Day, "Nutritional Deficiencies and Denta 
Caries in Northern India, n British Dental Journal (March 3, 
1944), 76:115 .ff. and (March 17, 1944), 76:143 .ff. 
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that the ingestion o~--~~lc~~-arrd phosphorus in amounts 
,.----- . --.~·.-. -- ' - ............ - ..... ~--~..!_,.~_,..._,__,.. ••..•. "'"'"- . ...:.., 
s~E~c ~~~-~-"'~"2 .. J2£-~Y~Jl't.ll.!£~~~1--~~:te.c.ts=:vz=J.,]J., __ J:>JL ?,d~9,¥?-~,~- .-~ o.r 
t~orm§.:tLQn._o~h-4di.th .. ·no1'mal··c·ompcfsitiOii·and ·structure 
in the average well child. There is no conclusive evidence 
that the caries attack rate ~or fully formed erupted teeth 
is a~fected by the addition o~ calcium and phosphorus, even 
to a lo-vr normal diet. Further, there is no evidence to 
indicate that normal children require more calcium than is 
supplied by a diet adequate to meet the total nutritional 
requirements. Such ~ diet ~dll contain approximately one 
quart o~ milk per day. There is ample evidence to support 
the conclusion that calcium o~ milk is ~bs_orbed better than 
~-<: _ _;.---------------·- ... ·.·· .............. ·-·-
. calcium present in any other ~orm. 
c:...---··-····~-··r •·•--·"~~-..-'_..-......,.,,...... .. - ,. ;•.:0<•'''-·-'·•' 
Studies ~oncernin& vitamin D.-- In the studies o~ 233 
children observed through age two; 153 through age ~our, and 
. 1/ 
53 through age 5, Rhoads and Rapoport,~ al.,- ~ound that 
there was some tendency for higher i~cidence of caries ~or 
\ 
those receiving cod liver ;oil over those receiving 
irradiated evaporated milk. The study indicated the 
importance of a continuous source o~ vitamin D as a factor 
in reducing the incidence o~ caries between the ages of four 
and one-hal~ and six. 
2/ 
King,- in the British Medical Bulletin, stated t~at 
jj~ cit., p. 449. 
£/.Q£.:.. cit., p. 223. 
{_...,·--
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n •••• clinical investigations of' M. Mellanby and 
her colleagues have sho\m clearly that nutritional 
factors such as vitamin D are of real significance in 
determining dental health, not only during the period 
of' tooth development but even after calcification is 
complete. No claim is made that increased consumption 
of foodstuffs rich in vitamin D, calcium, and 
phosphorus will do more than reduce the ravages of 
caries. n · 
East and Kaiser, in studies reported by McBeath and 11 . . . 
Verlin in the Journal Qt the American Dental Association, 
found that the caries records of communities is a 
2/ 
reflection of the vitamin D produced in the body by sunlight 
That is, the more adequate the available sunlight of a given 
region, the lo'l.·rer the caries rate. This report signified 
the use of vitamin D in any form. It was stated that cod 
liver oil nshowed unmistakable improvement in the caries 
situation according to the dose given." 
There is evidence to contradict the sunshine theory. 
3.1 
For example, with sunshine there are good teeth in the u. S. 
South, and bad teeth in South Africa. And vmere there is a 
lack of sun, you find good teeth where Eskimos live, and bad 
teeth in England. The numerous variable factors are ever at 
work. 
1JE. c. J.icBeath and w. A. Verlin, "Further Studies on the 
Role of Vitamin D in the Nutritional Control of Dental Carie 
in Children,u Journal of the American Dental Association, 
(August 1, 1942), 29:1393. 
gjElmer V. }fcCollum, .Q1l!.. cit., p. 53. 
3./Editorial, lfDiet--Nutrition--Dental Function. How Do they 
Fit into the Caries Picture? 11 .Dental Survey (April, 1950), 
26:515. . 
Summary o:f value o:f vitamins A, 12_, C, ;Q,, and nicotinic 
acid.-- Although various other studies paint out the value o 
vitamins A, B, C, D, and nicotinic acid t.o development o:f 
gingival epithelium, ulcerative.:~ lesions o:f gUlllS, and ricket, , 
there is very little clear-cut evidence in relation to their 
1-6/ 
effect on dental caries. This is in accord with the 
v findings o:f the Michigan Workshop. One bit o:f possible 
evidence is advanced in the Journal Qf.. Pediatrics for Octobe, , 
1947. · In a study o:f nnental Caries Experience in Postvrar 
8! 
Italy among Teen-Age Children in Naples, n- it was noted tha 
the vitamin B deficiency may have inhibited caries, inasmuch 
as both nicotinic acid and thiamin are necessary :for the 
complete degradation of carbohydrates to their acid end-
products in the mouth. 
Relation of :fluorides to caries.-- Attention should be 
1/Hamilton B. G. Robinson, QJ2.:... cit. , p. 54 f:f. 
gjJ. D. Bciyd, nNutrition as it Af':fects Tooth Decay," 
Journal of American Dietetics Association (April, 1942), 
18:211-2I;'. . . 
3/J. D .. King, .QJh. cit., pp. 222-225. 
~A. L. Knieser, A. W. Mann, and T. D. Spies, loc. cit. 
2/E. c .. McBeath and w. A. Verlin, ~cit., pp. 1393-1397 •. 
2/T. F. Rhoads, M. Rapoport, et al., 2J?..!.. ill.:,., pp. 415-454. 
VQQ.:.. cit., p. 17 ff. 
8/:M. Massler and I. Schour, nnental Caries Experienc~ in 
Postwar Italy among Teen-Age Children in Naples,n·Journal of 
Pediat~ (~ctober, 1947), 31:431 ff. 
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given to the relation of fluorides to caries. Studies 
show that people born and raised in communities where there 
are one or more parts per million of fluorine in the drinkin~ 
water have less decay than those who live where there is no 
fluorine in the water. Although there is no complete 
agreement as to how fluorine acts, it is indicated that the 
effectiveness is derived in part from its ability to render 
.§I . . 
the tooth substance less soluble in acid. Experiments havE 
shotro that the acid solubility of tooth enamel is reduced 
YEdi torial, nstatement on Dental Status of Fluorine' ft 
Journal Q! the American Dental Association (March, 1945), 
32 :35'0. . . . 
gjA. L. Russell, nnental Effects of Exposure to Fluoride-
bearing Dakota Sandstone Waters at Various Ages an~ for 
Varying Lengths of Time, tt Journal of Dental Research (.June, 
1949), 28:298-309. . 
.3/H. T. Dean, ttEndemic Fluorosis and its Relation to Dental · 
Caries,n United States Public Health Reports (August 19, l93E) 
53 ;144 3-145'2. 
!:t/H. T. Dean, npostwar Implications of Fluorine and Dental 
Health,n American Journal of Public Health (January, 1944), 
34:141. ' . 
' 
.2/H. Klein, 11Dental Effects of Accidentally Fluorinated 
Water: (1) Dental Caries Experience in D.eciduous and 
Permanent Teeth of School Age Children~tt Journal Qt the 
American Dental Association (June, 194~), 36:453. 
6/Philip Jay, "Fluorine and Dental Caries, n Journal of the 
American Dental Association (April, 1946), 33:491. · 
2/Francis A. Arnold, Jr., "Fluorine in Drinking Water: Its 
Effect on Dental Caries, u Journal of the American Dental 
Association (January, 1948), 36:36. 
8/Basil G. Bibby,· !2J2.!.. ~' p • .35, p. 41. 
after exposure to fluoride solutions. The best results come 
from continuous use of water containing fluorine during the 
first twelve to ftfteen years of life, 't'Jhen the teeth are 
. . ·y 
developing. In tests made by Knutson ~nd Armstrong over 
a three-year period, the ~pplication of sodium fluoride 
directly to teeth was found to have reduced the caries' 
2/ 
incidence as much as 36 to ~1 per cent.- However, the 
application of sodium fluorid.e has not as yet been 
determined a panacea. Some react well, and others not at 
. 31 . ' . 
all. Dr. Henry Klein, the United States Dental Health 
Administrator, has studied this .issue and has found that 
children who get the most benefit from fluorine have had' 
parents with better-than~average teeth. Moreover, Massler 
. 11 . 
and Schour, in their studies of 162 Naples (JJtaly) 
children, found that fluorides were of no influence; there 
was no significant amount of fluorine in the Naples·water 
· supply. :Hassler and Schour have stated also that : 
"The ingestion of water containing more than five 
1/John W. Knutson and Wallace ·D. Armstrong, 1'The Effect of 
Topically Applied Sodium Fluoride on Dental Caries 
Experience, n United States Public Health Reports (November 
15' 1946)' 61:1683-1689. 
2/Francis A. Arnold, Jr. , UFluoride Therapy for the Control 
of D~ntal Caries, u Journal Q£ the ,American Dental Associatio 
(October, 1948) , 37:437. . . 
J/H. Klein, ~ ~' p. 452. 
Y'lDental' Caries: :Experience in Postwar Italy among Teen-Age 
Children in Naples, tt QIL:.. cit., p. 438. 
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pants per million of fluoride during a protracted 
period of enamel (crown) formation and calcification-
results in a characteristic mottling of the enamel 
in 90 per cent of children. In 35 per cent, the enamel 
may be subject to hypoplasia, and is permeable by oral 
stains, often appearing brown. The ingestion of water 
containing about ·two parts per milli,en of fluoride 
results in mild mottling in approximately 50 per cent 
of children. The ingestion of water containing one par~ 
per million of fluoride results in a mild mottling of 
the enamel (chalky ~ite spots) in about 10 per cent 
of exposed persons. n_/ 
Evidence is inconclusive concerning the experiments in sever~l 
cities where fluorine has been added to the drinking water 
supply. Nevertheless, some help is anticipated. 
Recent reports on a carefully controlled community 
experiment with the fluoridation of drinking water at 
Newburgh and Kingston, N~w York, reveal a 30 per cent 
reduction in dental caries in those communities. The 
greatest reduction was found in the younger children, since 
their permanent teeth had the greatest exposure to the 
fluoride during tooth formation. 
Regardless of instances of contrary findings, it is 
believed generally at this time that fluorides found in 
waters and foods have sh~m the most promise as a means 
whereby the ingestion of an element during tooth development 
may serve in turn as a partial protection against the caries 
process. The American Dental Association and the united 
1/I. Shhour and M. Massler, 11The Effects of Dietary 
Deficiencies upon the Oral Structures. II," J"ournal .Q! the 
American Dental Association (J"uly, 1945), 32:879. 
States Public Health Service both have recommended the 
controlled fluoridation of the community water supply as a 
safe and practical means of. cutting do\m dental decay. 
Malnutrit.ion.-- There is sufficient .evidence to suggest 
that the incidence of ·caries is not increased in areas of 
lowered nutrition or malnutrition. A number of studies have 
been conducted in various famine-stricken countries. There 
had been extreme shortages of foodstuffs in these countries, 
and.malnutrition was coUEtrywide. From England, Norway, and 
Italy, where nutritional standards were lowered during the 
1-4/'. ·' 
war years, reports point out that the incidence of 
. caries was lowered • Nea~ly all reports stress the factor of 
a lowered sugar intake. 
5-61 
In the United States, studies made in or near 
I 
!/D. H. Oliver, nsome Evidence of a Wartime Reduction of the 
Caries Incidence in Children ,u British Dental .Journal 
(February 15, 1946), 80:118. 
g/A. Collett, Lancet (.July 27, 1946), 251:129 • 
..lfGuttorm Toverud, lfDecrease in Caries Frequency in Norwegia:t 
Children during World War II, u .Journal of the· American Denta 
Association (August, 1949), 39:127~136. 
~I. Schour and M. 14:assler, nDentai Caries Experienc.e in 
Postwar Italy (1945). 1. Prevalence in Various Age Groups,u 
~cit., 35:1-6 • 
.2/Samuel Dreizen, A. W. I'v!ann, .r. K. Cline, and T. D. Spies, 
nThe Buffer Capacity of Saliva as a Measure of Dental Caries 
Activity,n .Journal .Q.f. Dental Research (August, 1946), 25:221 
2/A. w. Mann, s. Dreizen, T. D. Spies, and F. M. Hunt, nA 
Comparison Df Dental Caries Activities in Malnourished and 
Well-Nourished Pattents,n .Journal of the American Dental 
Association (February 15, 1947), 34:2)27 
____ ..::.,. ___ .......,_ _ ___,. . ...... -----~~~··---" 
\ 
Birmingham, Alabama, indicate that the incidence of caries 
is lower in malnourished patients than in well-nourished 
persons. 
1/ 
Day, in his studies of teeth in the Kangra district 
of northern India, noted that deficiency ,diets led to 
rickets and osteomalacia but that the caries incidence and 
experience v-ras l~r. Day also noted that there was almost 
complete absence of sugar in the diet. He concluded that 
the physical nature of the diet is of gre.ater importance in 
preventing and controlling dental caries than is the chemica 
and vitamin content. 
ln Norway during World ~.II.-- In Norway, Dr. Toverud 
reported that.dental decay of Norwegian children had 
decreased 60 t.o 80 per cent during World :War II. . This 
decrease in decay resulted partly from the wartime diet 
which contained a low amount of refined carbohydrates, 
especially sugar and the sugar products. Nor'tvegians also 
ate more of the natural foods such as fish, salted herring, 
potatoes, and carrots--foods high in calcium, phosphorus, 
iron, and vit~ins A, B, c, and D. Since 1940 eight to nine 
thousand children aged seven to fourteen have been examined. 
An -even greater reduction of caries during the t..rar. years was 
y~-·cit., p;; ~·llt-6. 
g/Loc. cit. 
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• 
noticed in children aged two and one-half to·seven. The 
minerals present in the natural foods built up good 
. . 
resistance of the teeth to decay, while laCk of carbohydrate 
-
in the diet lessened the amount of bacterial activity. 
Since 1945 dental decay in pre-school children has increased 
30 to 40 per cent, Dr. To~erud found. It is to be noted 
that. there was an increased, ingestion of carbohydr~tes at 
this time. 
In. fa.tnine-ridden India.-- In famine-ridden India, where 
diet was poor and where severe malnutrition was exhibited, 
examination of over two hundred teen-age boys showed on~y 
l/ 
1.56 cavities per boy.- In contrast, children of the same 
age in Rochester, New York, had thirty-five times· as many 
2/ . 
decayed teeth.-
3.1 
Studies of Dr. H. H. Neumann, a former medical 
officer of the New Zealand Health Department, demonstrated 
that caries vTas absent in cases of severe malnutrition an<i 
rickets. 
. . . 
In postwar Naples, Italy.- Massler and Schour 
1/c. D. H. Day, ·12.£:.. cit. 
g/~I. Massler and· I. Schour, uarowth of the Cb.ild and 
Calcification Pattern of Teeth, u loc. cit • 
:t,/ 
.3/H. H. Neumann, ttFood Habits and Dental Caries, n .Journal of 
the Royal Institute of Public Health and Hygiene (December, 
1946), 9:373. . 
±/UDental Caries Experience in Postwar Italy among Teen-Age 
Children in Naples," .9.E!... cit., p .. 431. 
selected 162 teen-age children in postwar Naples (Italy) to 
show nutritional deficiencies. Food intake was low in 
quantity and deficient in quality, only about 50 per cent of 
the required proteins and calories being available. In spit~ 
of these factors, the cari·es experience \vas very much lm.·rer 
than in teen-age children in the United States. These 
findings seem to contradict the theory that good nutrition 
will arrest or prevent the progress of decay. Massler and 
Schour state that there is sufficient evidence to suggest 
that the incidence of caries is not increased in areas of 
lowered nutrition or even malnutrition. Similar age groups 
in the United States were compared to the Naples group. 
Prevalence of caries in the United States was more than 
twice that of Naples, in vrhich group 35 p.er cent of the 
children surveyed were free of caries. 
The relation between good nutrition and a protective 
influence against dental caries was not borne out by this 
study. The low refined sugar int&{e in Italy and the high 
refined sugar consumption in the United States may in part 
be the explanation. The role of the vitamin B deficiency 
may also be a factor. 
Study .Q!. malnourished patients~ Mann and others.--
In a study of 223 patients by Mann and others, it was 
17 A. W. Mann, et al., .QJh.. cit., p. 244. 
found that the malnourished ·patients showed an incidence of 
dental caries only 30.5 per cent as great as that of the 
patients in the well-nourished group. Of the 223 patients, 
a per patient average of 2.07 tooth surfaces decayed was 
indicated, as compared to a per patient average of 3.21 
tooth surfaces decayed in the 99 members of the control group 
According to Drs. Spies, Stone, Dreizen, and Greene of 
Northvrestern University, Chicago, Illinois, and Hillman 
Hospital of Birmingham, Alabama, n •••• people on such poor 
diets that they get pellagra or other vitamin deficiency 
diseases, rarely have decayed teeth. But they are very 
susceptible to pyorrhea, and as a result may lose their teeth 
1/ 
before they are forty years old. n-
3. Diet 
Effects of sugar in diet.-- In the studies mentioned, it 
was noted that decreases in dental caries accompanied a 
restriction of the diet, notably a decline in the intake of 
sugar. The study of the dental records of children in Norway 
is of special interest. Here it was noted that after the war 
when sugar was again available, an increase in sugar 
consumption was follmved by a marked increase in dental carie • 
When considering the relation of sugars in the diet, it 
1Jnpoor Diet Induces Pyorrhea but Teeth Remain Sound," 
Science Newsletter (April 10, 19~8), 53:233. 
I 
I I 
l========~t===========================================================~~======= 
is·necessary to recognize that a considerable number of 
people eat freely of some form of carbohydrates yet are 
caries immune, or nearly so. Some are immune during a 
period of years and then become susceptible. The most 
plausible reason given is that the· offending organisms find 
the mouth environs unfavorable, due to some systemic 
1/ 
condition.-
Formation of acids.-- The concept that dental caries is 
caused by acids formed by carbohydrates, acted upon by 
enzymes produced by micro-organisms in the mouth, is not a 
new one, but the·process is complex because of the many 
. 2-3/ . 
variables. According to Fosdick, the degradation of 
carbohydrates to lactic acid follows a series of reactions. 
It has been found that certain microbial enzymes cause the 
process to take place faster than others. Fosdick suggests 
that organisms such as the lactobacillus and .yeast may have 
a symbiotic relationship in this respect. There must, howev 
be carbohydrates in the diet before the process of caries is 
possible. The fermentable sugars are m~st readily broken 
dmqn to lactic acid, while an additional chain of reactions 
l/Elmer V. McCollum, 2l2..!_ cit., pp. 47-48. 
g,/L. S. Fosdick, ttcarbohydrate Degradation by Mouth 
OrganismsJ..tt Journal of the American Dental Association 
(March, 1~39), 26:41;7 
.3/L. 8. Fosdick, ttDegradation of Sugars in the Mouth and Use 
of Ch~'v.ing Gum and Vi ta.min K in Control of Caries, n J'ournal 
of Dental Research (April, 1948), 27:235. 
' 
is required for the starches. There must always be an . 
adequate enzyme or coenzyme system present. The literature 
affords a number of articles to advance these theses and the 
indication that the restriction of sugar, either refined or 
l-5/ 
natural, is effective in the control of dental caries. 
The Michigan tiorkshop further stated that n •••• the harmful 
effects of sugar, r_efined or natural, are not reduced by the y 
addition of. either vi tam ins or minerals. u 
Effects of decreased sugar intake 1!1 Naples.--
Concerning their study in Naples, Massler and Schour statE 
that the most prominent common factor for the lowered 
prevalence of dental caries has been the marked decrease in 
the refined sugar intake. Massler and Schour's study also 
notes that people may eat freely of starchy foods and yet 
1/L. s. Fosdick, t~egradation of Sugars ·in the Mouth and Use 
of Chewing Gum and Vitamin Kin Control of Caries,n loc. cit 
y••The Michigan Workshop on the. Evaluation of Dental Caries . 
Control Technies , n 2J2..:.. cit. , p. 22. · . 
.3/Herman Becks, A. -L. Jensen, and C. B~ Millarr, "Rampant 
Dental Caries: Prevention and Prognosis. A Five-year 
Clinical Survey, tt Journal of the American Dental Association 
(September, 1944), 31:1189. 
4/J. D. Boyd, .Qh cit., p. 211 • 
.2/Philip Jay, "The Role of Sugar in the Etiology of Caries, tt 
Journal of the American Dental Association (March, 1940), 27 
396. ---
.§/Loc. cit •. 
Z./M. Massler and I. Schour, unental Caries Experience in 
Postwar Italy among Teen-Age Children in Naples," 2.12.!.. cit!_, 
p. 436. 
• 
remain relatively free from caries, provided the intake of 
refined sugar is low. 
Studies ~ starch foodstuffs.-- Studies by Drs. H. w .
Haggard and L. A. Greenberg, physiologists of Yale Universit~, 
were reported in the Science Newsletter of December 10, 1949~ 
They point out that trying to avoid tooth decay by avoiding 
sugar is impractical because almost all starch foodstuffs 
produce sugar in the mouth, and micro-organisms involved in 
tooth decay make no distinction as to the source of the 
sugar. Their studies were made at five-, ten-, twenty-, and 
forty-five-minute interva~s after the following foods were 
eaten: a mixed m~al; fresh orange juice; grapefruit juice; 
--. 
ice cream; crackers; chewing gum; caramel candy; and 
sweetened, bot.tled soft drinks. A caramel and orange juice 
each brought the sugar content of saliva almost to the same 
high concentration of 800 mg. per 100 c.c., and it took 
forty-five minutes before this concentration dropped to the 
point reached ~by the orange juice concentration after twentJ 
minutes. 
Additional evidence concerning sugars in diet.~- From 
an analysis of the literature the vwiter believes that tootb 
. .~ ~··" 
~-~ltg_.£_§ldJ~:.?ed, in many cases, by cutting· down on 
·~~------------ . sugars. Sugars are shown to be especiallY dangerous because 
------
practically everyone can con~~~ELlil~E:t 
'Whereas only about 10 per cent of the people· can reduce 
starches all the way down to the acid state in the oral 
cavity. It is possible to do vdthout carbohydrates to a 
greater extent, as demonstrated, for example, in the case of 
1/ 
diabetics.-
?:I Everard C. Turner, in the British Dental Journal, 
adds more fuel to this concep·t. He explains that an average 
of 80 per· cent of the rich people in Rome, eating mostly 
cooked foods and sugars, had caries; that 50 to 60 per· cent 
of the poor people in Rome, eating mixed foods (cooked and 
crude), had caries; and that 20 to 30 per cent of the poor 
people in Rome Compaigne had caries after subsisting on 
uncooked food and hard bread. Turner indicates also that 
the Eskimos had no caries until they came in contact with 
the white man's food. The original Eskimo diet of fats, 
proteins, and about 10 per cent carbohydrates has been so 
modified that 50 per cent of their calories now come from 
31 
carbohydrates. Steffanson, who has made many studies of 
the Eskimos, observes: 
n •••• the only thing that matters greatly in 
regard to the health of the teeth is the chemical 
composition of the diet--the higher the percentage 
l/Elmer V. McCollum, .QE..=... £it.:., p. 49. 
2/Everard c. Turner, ttNutrition and Dental Health," British 
Dental Journal (July 18, 1947), 83:27. . 
..3/Vilhj almur Stef.fanson, nsee Your Dentist Twice a Year, u 
Atlantic Monthly (November, 1945), 176:61. 
of carbohydrates and the lo·wer the percentage of 
animal proteins and fats, the greater the tooth 
decay." 
1/ 
Sherman and Lanford - indicate that high intakes of 
protective foods and a low consumption of sugar are both 
2/ 
important. Spraw·son - presents the concept! 
u •••• if proteins stagnate in the mouth but little 
decalcifying reaction can be produced, while alkaline 
products are produced in excess so that the general 
reaction is alkaline and cannot affect enamel; fats are 
practically unchanged in the mouth and so cannot 
directly affect it; water is neutral and therefore 
inert; and salts expressed mainly from vegetable foods 
are mainly neutral; but in any case the vegetable 
matter from which they are expressed acts as a 
toothbrush so.that they cannot remain static. But 
carbohydrates are another ques.tion entirely. They are 
the one food that civilized man takes in an ultra-
refined form and often to excess. Both chemically and 
physically he takes them •••• in such forms that they may 
stagnate, adhere to, or remain in prolonged contact witl 
the enamel. In these forms they constitute the one fooc 
which may on fermentation produce an acid reaction--
and in contact 1.d th the enamel. n 
Sprawson also c.laims that 11 •••• sugar has a strong chemical 
affinity for calcium, and in prolonged immer.s.ion and 
incubation of the cro1ms of the teeth in glucose solution, 
such as might occur in a confirmed sweet eater, the calcium 
is abstracted from the enamel. n Dextrose in jams and sweets 
he says, is a source of great potential dental harm. And, 
furthermore, n •••• ill the United States of America a common 
1/.Q:Q.:_ cit., p. 304. 
2/0n. cit., p. 233. 
J 
cola beverage vrhich contains ·the disaacharide sucrose and 
phosphoric acid has a pH or 2.6. fThi~ cola causes a rapid 
... 1/ 
and severe destruction or the enamel.u- Actually the pH 
below rive is .not a signiricant ractor alone' because or 
other uncontrolled variable ractors. Ho,vever, 1Y"hen the. pH 
or rive or less continues ror .any length or time, the time 
ractor does become important and emphasizes the pH. 
Erf.ect of frequency Qt sugar intake.-- Another important 
factor in the caries process is the frequency vdth which 
sugars are taken into the mouth. In an investigation 
. y . 
conducted by Stephan and Miller, it was noted that when a 
10 per cent glucose solution was used as a mouth rinse for 
two minutes, there was a rapid drop in pH and that the drop 
might remain for an hour or more. Thus a chUd who consumed 
refined sugars at intervals throughout the day would have 
more caries than the sporadic eater, if the other variables 
were similar. This suggests also that much damage is done 
during or shortly after meals. 
Although there are differences of opinion as to the 
. . 
relation of diet to the caries problem, there seems to be a 
l/See also J. S. Restarski, R. A. Geitner, Jr., and G. M. 
l.fcCay, "Efrect of Acid Beverages Containing Fluorides upon 
the Teeth of Rats and Puppies, n Journal of the American Denta 
Association (June 1, 1945), 32:668. . 
2/R. l..f. Stephan and B.. F. Miller, "The Effect of Synthetic 
Detergents on pH Changes in Dental Plaques,tt Journal or 
Dental Research (February, 1943), 22:53. 
--··-~--
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general concept that the restriction of sugar, either refined 
or natural, is .effective in the control of dental caries. 
Listed among the undesirable elements in the diet are: too 
much sugar on cereal; heavily s-v1eeten.ed milk; rich pastries; 
sweet desserts; oversweetened carbonated beverages; ice crean; 
candy; maple syrup; jams;. jellies;. and cakes. 
Appetite for ">?weetsu and difficulty of control.-- On 17 . 
this subject Hygeia (August, 1947) presented the following 
information; . that so:r1e soft dr_i_~-~~ __ con~ain __ ~:L~. teaspoons of 
~--·--·~·-···· ·-----------· ·-----·-···--··· ... . . 
sugar· per bo.ttle (Hygeia st-ates that n •••• this is sugar in 
,.__ .. ----.-.-r<~"""""-"'-"-·~ ------..~ . .,_,._ ___ , - ---· - - -- . -
- ....... ~~,_. ___ ~. ~--~ o<"-.'- ....... .:.:.,.·------- ..... -"""'~'·-''·"'"·-
concent.x·ationtt¢; that the average consumption. of sugar has 
.,_,__. . --- ·-·· 
increased from 10 pounds per person per year.in the 18001s 
to the present intake of 125 pounds per person annually; and 
that the United States Department of Commerce reported 
$52o,ooo,ooo wholesale was spent in ten months for candy to 
sat'isfy our national sweet tooth. 
It .is difficult to control the use.of carbohydrates--
especially sweets--because of the tremendous appetite for 
them. They are.palatable; inexpensive, available, and 
certainly well adver.tised. The advertising of candy has even 
2/ 
reached into a dental trade magazine - with a circulation of 
69,000 copies per month, which is received by most dentists 
1/Robert G. Kesel, ttSweet Tooth versus Sound Tooth, 11 Hygeia 
(August, 1947), 25:614. 
2/non the Duai Value of Candy,n Oral Hygiene (February, 1948), 
38:287; (October, 1948), 38:1653. 
in the United States~ No mention vras ·made either in the 
article or the magazine that refined sugar is used in the 
manufacture of candy and that candy usually runs from 75 to 
85 per cent sugar. Popular candy bars are likely to weigh~: 
from one to two ounces and may contain five or more 
teaspoonfuls o£ sugar. 
~ Dietary habits.-- Since 194o the per capita food supplie3 
in the United States have been bountiful compared to other 
parts of' the -vrorld, and the per capita volume has remained 
fairly constant during the last three decades. Ho-vrever, the 
relative importance of foods has shifted. There has been a 
rise in the consumption of' sugar and citrus fruits and an 
up,..rard trend in the use of dairy products. ·On the good side 
of the ledger has been the increase of dairy products, fresh 
fruits, and.vegetables; on the bad side is the increase in 
1/ 
consumption of refined sugar.-
Genetic factors less important than character of diet.--
2/ 
Massler and Schour,- in a comparison of 162 teen-age Naples 
children with 500 children thirteen years of age of Italian 
descent in Rochester, New York, concluded that genetic 
factors are less important in the caries problem than is the 
character of the diet. In this comparison it was evidenced 
ynThe ].tichigan Workshop on the Evaluation of Dental Caries 
Control Technics, tt .2J2.:... .£!h, pp. 2l ff. 
2/i•Growth of the Child and Calcification Patt?rn of Teeth, n 
loc. cit. 
~-"-.. . ; ··~ , ... K.q;_,;~:~- . 
.-,;;.~-~--- ··-~~' 
that the Rochester, New York, children shovred the same 
prevalence of caries as other American children on the same 
diet with a high refined sugar intake. 
JJ , Need ~ adequate diet.-- In relation to the adequacy 
Q~ y 
of the diet, the Michigan Workshop Committee found no 
conclusive evidence that an adequate, optimal, or balanced 
diet as outlined by the Food and Nutrition Board, National 
Research Council, would influence the caries attack rate. 
However, a diet conducive to good general health was 
advocated. In addition, the Committee noted that there was 
no substantial evidence that fibrous foods, uncooked fruits 
or vegetables, or the so-called detergent foods reduce the 
caries attack rate. 
Boston UnivorGity 
School cf Fducati~n 
e·. 
CHAPTER IV 
S~1ARY OF THE PROBLEM 
Importance.-- The growth and development of children is 
aided or hindered by the development of their teeth. The 
mastication o:f :foo.d, speech, and the stimulation necessary 
for the proper growth of the gums, jaws, and face are all 
dependent upon the proper gro\nh and development of the teeth 
Loss o:f primary teeth too early may lead to the improper 
formation of the secondary teeth and malformation of the jaws 
and the face. In turn, further disturbances may·mani:fest 
themselves through physical disorders or personality 
dif:ficulties. It is n~cess~~y, there:fore, that we direct our 
attention to certain factors \vhich may hind·er good tooth 
development. Caries is one of these. 
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CHAPTER V 
INTERPRETATION OF THE FINDINGS 
1. Ninety-two per cent of the population of the United 
States are victims of dental caries. By the age of fifteen 
years, more than 95 per cent of the boys and girls have had 
one or more permanent teeth attacked by caries. 
2. As the child grows older, his probabilities of 
acquiring caries become greater. 
3. The most common theory of dental caries considers 
that it is initiated by the action of bacteria, normally 
present in the mouth, on sugars and starches. In the process 
acids are produced. These acids .form on the sticky surface 
.film of the teeth. Unless the action of the acid is 
inhibited, the inorganic portions of the enamel dissolve and 
bacteria enter the teeth. Decay begins to accelerate after 
this. 
4. Before and during pregnancy, an optimal diet 1vi th 
good nutrition is best for the well-being of both the mother 
and the fetus. 
5. Well-nourished pregnant vromen do not need to ingest 
more calcium than is supplied by a diet adequate to meet 
total nutritional requirements. 
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6. It is advisable to provide the child vd th calcifying 
factors throughout childhood. Although.calcium and phosphoru; 
metabolism still are not completely understood, it is 
generally believed that the ingestion of these two substances 
in amounts sufficient to prevent skeletal defects vdll be 
adequate for the formation of normal teeth. The National 
Research Council recommends a daily allowance of 1.00 gm. of 
calcium for children to age twelve, and 1.00 gm. of phosphoru~ 
to age four. For ages four to twelve, an intake of 1.20 gm. 
of phosphorus is recommended. 
7. There is no conclusive evidence in the literature 
that deficiencies of vitamins A, B, or C will have any 
significant effect on the caries attack rate. 
8. Vitamin D is of value in the formation of the hard 
dental structures. There is also the possibility of increase~ 
susceptibility to caries in teeth formed during vitamin D 
deficiency. 
9. Vitamin D may be taken in any form. There is no 
conclusive evidence that one form or another will provide 
significant differences in the caries attack.rate. 
10. Nutrition does not appear to have any significant': 
bearing on the caries process. However, it is advisable to 
maintain good nutrition for general vrell-being. 
11. Controlled fluoridation, vii th about one part fluor in 
per million parts of water, is anticipated as the most 
46 
effective method of mass prophylaxis found to date. The 
process is aimed primarily at children, so that the fluoride 
is incorporated into the tooth structure during the period 
of tooth formation. The use of fluorides in drinking vrater 
must be properly controlled by experts on a community basis, 
not as an individua.l measure. 
12. Neither lowered nutrition, subnutrition, malnutritio , 
nor famine is in itself a cause of caries. 
13. Studies ha~e demonstrated that the reduction of 
sugar and refined cereal starches in the diet will cause 
marked reduction of tooth decay. It is advisable that sugar 
in the diet be kept low. This is especially important for 
children. 
14. There is no agreement that diet plays the major role 
in dental caries. However, there is sufficient evidence to 
believe that the local environmental substances found in the 
mouth in connection vTi th the diet do help to initiate the 
caries process. 
CHAPTER VI 
CONCLUSIONS 
Evidence concerning the relation of diet and.nutrition 
to the problem of dental caries is not now conclusive. There 
is much research yet to be done. The most widely held theory 
at this time is that the initiating force is believed to be 
the action of bacteria normally present in the mouth on 
sugars and refined starche$ which are parts of the diet. 
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CFAPTER VII 
RECOI-1MENDATIONS 
1. A diet should be selected which will provide 
adequate nutrition and which will promote the normal grov~h 
and development of the body, including the teeth. 
2. The sugar intake should be restricted. 
3. The teeth should be brushed iml!lediately a:fter each 
meal. The brushing should be thorough, to remove the sticky 
film which may be the bacterial plaque. 
4. Fluorides should be utilized under the controlled 
techniques of experts. Fluorides a~e best utilized in at 
least the first twelve years of life, when the teeth are in 
the developmental and calcifying stages. 
5. Regular visits should be made to the dentist for 
thorough, methodical checks of teeth and mouth. This 
preventive care probably is the best plan. It is undoubtedl~ 
the most satis:factory, and may well be the least expensive. 
CHAPTER VIII 
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